Protein phosphorylation and translational control in reticulocytes: activation of the heme-controlled translational inhibitor by calcium ions and phospholipid.
The synthesis of globin, the major protein synthesized by reticulocytes, requires the presence of heme, the prosthetic group of hemoglobin. The absence of heme leads to the activation of a nucleotide-independent protein kinase that phosphorylates the alpha subunit of the chain initiation factor eIF-2. This modification interferes with the catalytic function of eIF-2 in protein synthesis initiation. Recent progress in our understanding of the molecular mechanism of this inhibition is briefly reviewed. The same phosphorylation is catalyzed by a different enzyme (DAI) which, while constitutive in reticulocytes, is induced by interferon in other cells. This enzyme is activated by low concentrations of double-stranded RNA in conjunction with ATP. The mechanisms of activation of these enzymes are still poorly understood. HCI is believed to form an inactive complex with heme and become active when the heme is removed by hemoglobin formation. The proinhibitor form of HCI (proHCI) is unstable in vitro and, even in the presence of heme, is irreversibly inactivated by SH-binding reagents, alkaline pH, slightly elevated temperatures, or high hydrostatic pressure. In hemin-supplemented reticulocyte lysates proHCI can also be reversibly activated by oxidized glutathione (GSSG) or NADPH depletion as well as by polyunsaturated fatty acids and by Ca2+-phospholipid. The mechanism of activation of HCI by GSSG has not been clarified although it appears to involve oxidation of proHCI SH groups to disulfides. Like activation by GSSG, the activation of HCI by polyunsaturated fatty acids and by Ca2+-phospholipid also appears to be largely due to oxidation of some of the enzyme's SH groups. There thus appear to be two fully independent mechanisms of HCI activation in reticulocyte lysates, one involving heme deficiency, the other involving oxidation of proHCI SH groups. The latter, but not the former, can be prevented or reversed by NADPH generators or dithiols. ProHCI appears to be maintained in the reduced, inactive state by a system involving NADPH, thioredoxin, and thioredoxin reductase.